Introduction
Mutual differential isothermal diffusion coefficients of electrolytes in aqueous solutions have been measured in our laboratory using an open-ended capillary cell [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] , Fig 1, developed some years ago. Diffusion may be followed by measuring the ratio of electrical resistances of the electrolyte solution in both capillaries as time proceeds, using an alternating current transformer bridge and an oscilloscope where an ellipse is manually reduced to an horizontal line. Attempts to use an automatic system to continuously measure the resistance ratios have, until now, been successful only for capillary resistances of the order of 5 kQ, or lower, that is, electrolyte concentrations of the order of 0.1 M or higher. In fact, whereas with the manual system it is possible to measure the pure ohmic resistance, by manually balancing the capacity effects, and therefore go to concentration of 0.001 M, the automatic system measures impedance ratios.
The present paper reports the experimental alterations which enabled us to successfully use the automatic system, in conditions of very high electrical resistance of the solutions inside the capillaries (which will facilitate research on this field), presents data obtained at high and low KCI concentations, and discusses them on the basis of the Robinson and Stokes [13] , Onsager-Fuoss [14] and Pikal [15] models. Experimental conditions are such that the concentration at each of the open ends is equal to the ambient solution value c~ that is the physical length of the capillary tube coincides with the diffusion path or, in other words, the boundary conditions described in [2] to solve Fick's second law of diffusion are applicable. Therefore, the so-called AI-effect [2] is reduced to negligible proportions. In a manual apparatus, diffusion is followed by The capillaries are then filled with '~op" and "bottom" solutions and allowed to diffuse into the "bulk" solution. Resistance ratio readings are taken at recorded times, begining 1 000 min after starting the experiment. The diffusion coefficient is finally evaluated using a linear least-squares procedure to fit the data and subsequently an iterative process by using 20 terms of the expansion series of the solution of Ficks 2nd law for the present boundary conditions. The theory developed for this cell has already been described [2] .
Results and discussion
Data on diffusion coefficients previously reported [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] were measured using a manual system where resistance ratios w = Rt/R b were manually taken every five minutes for a period of about 8 hours with an applied signal of 4 000 Hz. An automatic system was used only for concentrations down to around 0.1 M where the resistance inside the capillaries is of the order of a few thousands of ohms. For lower concentrations, that is, for resistances of the order of tens of thousands or hundreds of thousands of ohms (solutions of the order of 0.01 M or 0.001 M), the automatic system did not give reliable values, as shown in simulations similar to those indicated in Table 1 .
In the present work we overcame this difficulty by using frequencies lower than the 4 000 Hz previously taken as the most appropriate. Experimentation showed no problems of electrode polarization.
Simulations of actual experiments for measuring diffusions coefficients in 1.0 M, 0.1 M, 0.01 M and 0.001 M KCI solutions using resistors set up so as to simulate the critical phases of those experiments with the present cell, showed that this procedure is reliable. Such was confirmed by measurements with those solutions. For the present purpose, the conclusions taken using KCI as the electrolyte are applicable to most other electrolytes, for obvious reasons. Table 1 Table 1 represents the value TR (as previously defined) which should be observed with those resistors. TRauto is the value actually measured using a signal of the indicated frequency. Note: a) Low I&TRI values indicate appropriate signal frequencies for the use of the present cell (Fig. 1) . Note: a) Low IATRI values indicate appropriate signal frequencies for the use of the present cell (Fig. 1 ) .
/~Tr = (TRauto -TRideal) shows that for lower values of Rt and Rb any frequency from 30 to 10 000 Hz could be used; for higher values of Rt and Rb high frequencies give large deviations, but low frequencies give deviations which do not introduce significant errors in measuring diffusion coefficients in a similar way according to the symmetry of the measuring cell and to the fact that we are interested in the rate of variation of the resistance ratio w = Rt/Rb, and not in the absolute values of such ratio. [17] , as shown in Fig. 2 . Table 3 shows that the most appropriate measuring frequency increases with concentration. Other experimental results by Miller (n) and Harned (1). and Stokes [13] , Onsager and Fuoss [14] and Pikal [15] models. For dilute solutions the experimental data and all three models are in reasonable agreement; for higher concentrations, the experimental data from ourselves and other researchers are in good agreement but the curves from the above models differ considerably from experimental observation. This is to be expected from the limitations of the above models•
